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WIND TI.NNEL TESTS ON A SERIES OF WING MODELS THROUGH A
LARGE ANGLE OF ATTACK RANGE

PART I. FORCE TESTS

By MONTGOMERY KNIGHT and C=L J. WENZINQER

SUMMARY

T7bi8hmxtigation cocersforce tests through a kge range of angle oj atiacit on a 8erie8 of mono-
plane and biplane wing mode18. me ie8i8 Ux3reCOTdUCiedin the atmospheric wind tunnel of the
National Adoiso~ Comnaitieefor Aeronautics. T7te models were arranged in WA a manner as to
m.u7cepos8iJle a de?emninuiion of the ejea% of cariation8 in iip shupe, a8peci ratio, jfap setiing,
8iagger, gap, decakge, moeep back, and airfoil profle. The arrangements represented mod of the
types of wing tqisletns in we on modern airplane8.

The e$ect of eucii wmiableis illustrated by nwans of groups of eurws. In addiiion, ilwe are
included approximate awtoroiationul clkw-aciehiics in the form of calculated ranges of “rotary
in8tabiZity. ”

A correction for W@ing in thistunnel which applies to monaplane8 at large anglee of atiack
has been Ze-ueloped,and is gken in an appendix.

INTRODUCTION

The need of greater safety in airplane flight leads to a consideration of the characteristics
of wing systems at low speeds or large angke of attack. In general, the region of danger lies
above the an#e of maximum lift, and comparatively little information has been published relating
to the landing, spinning, stability, and controllability of airplanw in this region.

In order to augment the information on this subject, a comprehensive test program is
baing carried out in the atmospheric wind tunnel at the Langley MemoriaI Aeronautical Labor-
atory. This program idudee force, pressure distribution, and autorotation tests on a series of
models representing most of the vzing sys,tems in use on modern airplanes. The angle of.
attack range of the tests is sutliciently krge to cover practically alI attitudes attainable by an
airplane in flight.

The force test part of the program has been ccmpleted, and th~ results have already been
published in part. (Reference 1.) The present report gives the compIete information as to
lift, drag, and resultant force, and ako includes the calculated prcbabIe ranges of “rotqry in-
stability,” an important phase of autmotation. YiIth reference tcJrotation about a fixed atis
in the pIane of symmet~, and parallel to the wind direction, certain terms relating to autoro-
tation are of importance, and may be dhed as folIows:

1. ‘Ttotaqy instability” aignifles a state of equilibrium in rectilinear motion such that
rotations caused by small disturbances wiLlincrease in rate until a uniform angular velocity
has been attained.

9-. “Rotary stability” aignifles a state of equilibrium in rectibear motion such that rota-
tions oaused by smsl.1disturbances ti decrease in rate untd the angular velooity becomes zero.

3. “NeutA rotary equihbrium” signifies that state of equilibrium existing between the
conditions of rotary stabihty and instabiliQ-.
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258 REPORT NATIONAL ADVISORY COMMiti FOR AERONAUTICS

MODELSAND TESTS

The wing models which were constructed of laminated mahogany had a 5-inch chord and
an aspect ratio of 6, except as noted in Tables I and H. The Clark Y profile was employed in
all but a few of the hats in which the N. A. C. A. L&l profile was used. With the exception
of those tested to show tip effents, circular tipped models were used throughout.

The upper and lower wings of the biplane models Wereconnected by means of two stream-
lined struts spaced 0.6 chord length apart, located along the span, 0.45 chord length from the
leading edge and equidistant from the midspan. These struts fitted into sockets built into the
wings. The sockek were designed ~ bhatthe struts co@d be inclined in a fore and aft direction,
and clamped rigidly in position. This arrangement, used in combination with struts of different
lengths, made it possible to vary gap, stagger, and decalage as desired.

All of the force hats were conducted in the 5-footi atmospheric wind tunnel (Reference 2),
which has a circular, closed-throat test section. The models were mounted in the wind tunnel
on the usual wire balance as shown in Figure.1.

The t&ts were arranged to enable the determination of the effects produced by the &ria-
tions in the wing models shown in Tables I and II. Lift, drag, and pitching moment were

FIGUREL-BIplene set UPh whd tunnel

measured for angkw of attack ranging from —45° to _j+)OO. Due to the nature of the set-up,
it was necessary for the complete test on each model to be made in three parts, the angle of
attack range of one part overlapping by a few degrees that of the next.

The tests were conducted at an aver~e dynamic pressure of 19.93 kg. pei m2correspondi-
ng @ an average air speed of 17,9 meters per second (40.0 M. P. H.), and an average Reynolds
Number of 153,000.-”f

All drag readings were corrected for the drag of the supporting system. The biplane strut
drag was found to ba negligible, and was therefore disregarded.

The test results are not corrected for tunnel wall interference for the following reasons:
a. The Prandtl correction for tunnel wall interference efFectson the wing-tip vortices is

known ti be accurate only up to maximum lift. In gerieral, it appears that at about 25° angle
of attack this correction becomes negligible. Howeier, between the angle of maximum lift
and 25° the amount of the correction is n6t known, and in consequence it has been omitted.

6. At approximately 25° the blocking of the air flow by the model causes an increase in
effective dynamic pressure in the region of the model. This effect reaches a maximum at an
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TABLE I

MONOPLANEWING TESTS

VariebIe I TIP

M

AJ?eJt

‘p d ‘N”” ““ ‘-~ :s

rep-------------------- Reetangular--------
Negative rake -------
cirmlar.----------_

Aepect ratio ------------ ----do------------_
----.do–------_--_-
--.--do -------------

l?Iap(20 percent chord)- ----_do__-------_-_
.---4io-------_-_---
.----_do------___-___
--_-_do----_--_-----
-----do, ------------- ,

Pm~e----------------- -_--_do _____________
-----do ------------

I t t.

Varinm 10s mclL-
‘b= Cd?i Iage

.— —_— 1- —l—

Pu cm Dqw.
Stagger ------- –25 LO 0

0 L o 0
+25 LO o

Gap---------
+5011.0 0

0,L6 0
0’1.0 0
01a5

Decelage----- 10 LO
O LO,

,il!~i~
%veep back l--~

Oil.ol o
1+50 !1,0
~–60’ Lot :

ProtiIe.------ o~Lo~ ()
0,1.0, 0
OjLO~ O

0------------
c!---------
0---------
0------------
0----------
0-----------.
15” up-------
o“ ----------
15” down -----
25° down---- .
30° down -----
o------_---
o-_-_--_-_--

TABLE H

BIPLANE WING TESTS

ClarkY----------l 2,il,4,5, 6,7.
.---do_-------_-_t
.---_do-----------
.----do ----------- 7,8,9,10,11,12.
.----do—_--_-_--
.---Jo_-----__-—
.----do ----------- 7, 12, 14,” 15,
.---_do ----------- 16,17,18,19.
._---do------_----
.----do------_----
.-_--do--------_--
._---do—----—--- 7,20,21,22,23.
N. A. C. A.--311---

l(PSweapback I PrOEk

o-------- O-------- CIarkY-------- Clark ~-------.
o_L:----__- O_------_-- -_-_-do --------- _-___do--_—----
o_--—----- O-----_do--l----_do --------- _--_-do _________
o_--------- o__-__---;-_--_-do-------- -_---do ---------

1

o_----_--_- O_---------I--_--do --------- -_---do--i ------
o--------_- O_-:-------!--_-do–-_----_-----do-:-------
o---------- O.__---_-do -----do --------- -_---do ---------[o---_----_- O---------- -----do --------- ---_-do ---------
o---_--_--- O--__------l--_-__ido-_---_-----do---------
o-_----_--- O-_--_-_-_-l-----do --------- ----ado ---------
Slraigllt---- Sm-~pback------do--_.----- -----do---------
Sweepbaok- Str ht. - ---_-do--------- _L_d----------al$ ;.I

.--do------- ----- 0-- I-- ----_do--------_,-----do ---------
sMghtr--- %i-eepback- __-_-do----_----[-----ti ---------
o---------- o---------- _--__&--_-_--_------do ---------
o----_----- o---------- __---do ------- A7.A.C.A.-MI_
o--=__--_-_ o_--------- N.A.C.A.–hlI-- Clarkl---------

1“ 1.

..—
—-.-.

-..

,-.

...
—..—

.-
.. . .

Fi&ureNo.

- -,,.,. ..__-

24,25,26,
27, 28,
29, 30.

i8,31,32,
33, 3$
35.

28~6, :2
a}

4J%, 43,
4& 44i

!.

28, 4S,49,
60, 51,
62.
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angle of attack of about 90° for a given wing. Tes@ have been made from which a correction
for blocking has been derived, and the redts are giveri”in the appendix. This correction, how-”

—— .:>:

ever, applies b monoplanes only, and hence it has noti been used in this report, \v.hich~ovem
biplanw as weil as monoplanes. The determination. of the blocking corrections for blplane
wings is a problem which req&es further research.

The lift, drag, and pitching moment were measured in general to within an accuracy of + 1.5
per cent. In the construction of the wing models the” tolerance with reference to the airfoil
ordinat~ was *0.003 inch.

RESULTS
—

For purposes of direct comparison, the test remdte are pr=ented ~ WOUPSof C~VCSand
diagrams, each group showing the effects of one of the variables QSIisted..ig Tables I and II.
These groups, given in Figures 2 to 52, are arranged foq Eachvariable in four consecutive sec~ons

.—

as follows:
.

(a) AbsoIute lift and drag coefficients vs. angle of attacli (CLand CDvs. a),
(b) POlaI’S.(O. W. ~=).
(c) Centi.of pressure coefficients vs. fmgle of attack (C8 vs. a).
(d) Vector diagrams.

In the center of pressure curves for the monoplanes, the plotted points represent the inter-
section of the resultant force vectors with the wing chorcl line. %-nilarly, the ‘rmean chord”
(halfway between the chords of the upper and lower ~ngs -asindicated on the vector diagrams)
of the biplane mo~els was used in obtaining the. Cflvalues. It should be borne in mind that the
02 curves illustriited hold good only for the base Iinei assumed, and that any other reference
lines would give different results.

Lift and drag coefficients and angle of attack fo~ each cQmplete force tesb are given in
Tables IV to XXVII, inclusive,

The calculated probable ranges of “rotary instability” for each model tested am indicated . _“
in Table III. These ranges were obtained by noting the points on the polar curves at which
radial lines through the origin were perpendicular to the curves. Each point of intersection
sign~es a state of “neutral rot.alT equilibrium,” as previously defined, and is shown as such
on the comparative polar curve groups. Then where the slope of the cur~e is negative between

—.

these points with respect to the radial lines, the wing model will be capable of autorotation, i. e.,
will be in a state of “rotary instability.” The negative slope indicates a decreasing resultant
force with increasing angle of attack, and this is the criterion for. “rotary instability,” which
may be expressed as-

d“(cR)
-~<o -

(See Reference 3 for derivation), where CRis the absolute coefficient of resultant force, and a is
the angle of attack of the wing. This ciiterion, however, is an approximation, subject to the
limitations of the “strip method” of autorotation calculation, which assumes a uniform dis-
tribution of the resultant force along the span, for the wing in rectilinear motion,

DISCUSSIONOF RESULTS

A general survey of the curves and diagrams demonstrates the appreciable eflects which
changes in the geometry of wing systems have Orilift, drag, and center of pressure, particularly
at large angles of attack. It will be noted that the e.fl.ecton hag is the most marked, and the
influence of stagger is greater than that of gap or decrdage. The effects of variations in stagger,
gap, and sweep back, at the large angles of attack, gre largely due to. the partial shielding of
the biplane upper @g by tie lower, (Reference 4.)

.

Referring now t~ the curves in ~eater detail, the effects of the variablx on the aerody-
namic characteristics of the wing models may be listed..asfollows:



LIFT (figs. 2, 3]:
31axi.umm GL
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MONOPLANES

L TIPS

is highest for rectangular tips, next for negative raked tips, and lowest for
the circular tips, aItho@h the diflerenc; is scn~;

—

DRAG (figs. 2, 3):
X1’inimum (7D shovis little difference, and in generaI CD is much the same for the three

models with different tip shapes.
CEIITER OF PEESSURE (&s 4, 5, 6, 7):

The C, cu.mes show little variation for the three diflerent tips, and the clill’erenceamay be
explained as due to the diilerent. dispositions of the wing area.

2. ASPECT RATIO
LIFT (figs.8,9):

Masimum CL increases with increase of aspect ratio. The slope of the lift curve below
maximum CL becomes greater due to the decrease .jn the induced amgleof attack. This decrease
is also partly due to tunnel wall interference.

~EA~ (@S. 8, 9):
Minimum C. is practicality the same for the aspect ratios investigated. The effects of

aspect ratio and the tunnel walls on induced drag are apparent below ma.xinmm lift. Above
90° angle of attack; CD increases in the order of the aspect ratio and the differences are due in
great measure to blocking effects at large angks.

CmTER OF PEESSURE (figs. 7, 10, 11, 12):

The C, curres for the different.aspect ratios co-rered in the tests are practically the same.

& FLAP
LIFT (figs. 13, 14):

Maximum CL increases with increasing flap angle in the downward direction, and occurs at
slightly lower angles of attack. Moving the flap downward through a given angle increases the
Iift by an amount approximately equal to the decrease produced by moving it- up thro~mh the
same angle. It will be noted that in F~e 13, just beyond each of the ptim-y and secondary
lift peaka the changes in lift, are small.

DRAG (&s. 1.3,14):
Above zero angle of attack the drag increases in a regular manner, both with increasing

angle of attack and with flap moving from up to down postions.

CENTER OF PRESSURE (figs. 7, 15, 16, 17, 18, 19):
For angks of attack above zero lift tie C. P. travelbecomw smglIer with decreasing flap

angle, due to the decrease of the effective camber of the wing. With the flap displaced up-
-ward15°, the travel is backward abo-re zero lift. For flap settings of from 15° to 30° down$ the
C, curvas are much the same above zero lift., but are displaced to the rear with rwpect to the
neutral flap curve. Attention is ca~ed to the marked dMerence in the shape of the curves for
the 15° up-ward and downward flap displacements below ZEXOlift.

4. PEOPILE

LIFT (@i. 20, 21):

M mimum ~L is much higher for the Clark Y than for the symmetrical N. A.rC. A.-ill.
The angle of zero lift is higher for the X. A. C. A–311, due to its straight mean camber line.

DRAG (figs.ZO,!21):
From – 3° to + SO,the drag of the IS. A. C. A.-MI is leSSthan that for the C1arkY, and is

greater from ,+ 8° to 18°. Above 18°, and below – 3°, CDfor the N. A. C. A.-MI is~thelower.
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CIUNTER OF PRESSURE (figs.7,22,23):

The C. F’. travel for the N. A. C?.A.–MI is practically negligible from -6° to + 6° angle
of attack, and then moves rearward. The Clark Y, however, has a forward motion of 0. P. up
h 12° angle of attack, and rearward beyond this angle.

BIPLANES

6.STAGGER
LIFT (figs. 24, 26):

Maximum C. increases with increase of stagger up to +25 per cent and then remains the
same for 50 per cent stagger, although occurring at a slightly smaller angle of attack.

DRAG (figs. 24, 25):
Minimum OD is highest for the zero stagger. Above the angle of maximum (& however,

CDincreases greatly.yith increase in stagger. These effects on &ag at the large angles of attack
are due mainly to the partial shielding of the upper wing of the biplanes by the lower.

—

CENTER OF PRESSURE (figs. 26, 27,28, 29, 30):
The distance traveled back by the C. P. above maximum Cl becomes greater with increasing

stagger. The peculiar behavior of negative stagger a~large ~gles of att~c~ should be noted. ._.. .

6. GAF -

LIFT (figs. 31, 32):
Maximum CLincreases up to (7[cratio of 1.0 where it appema to remain constant for Q/c

ratio increase, although the slope of the lift curve bemmw greater with higher G/c ratios. This
is due to the decrease in induced angle of attack with increasing gap.

DBAG (figs.31, 32):
Minimum CDis approximately the same for the G/c ratios tested. For the large angles of

attack, CD increases with increasing @/c ratios.

CENTER OF PRESSUEE (figs. 28, 33, 34 35):

As the Q/c ratio is increased, the C. P. above m&~” lift-reced~ farther with increase of .: ‘“.
angle of attack up to 50°, altho.ughnot as far as for the staggered biplanes.

7. DECALAGE
LIFT (figs. 36, 37):

Positive and ne+jative decalage cause a lower m@mum CL than zxyo decalage, but the

magnitude is about. the same for the same values of decahge, plus or minus. For positive

decalage, maximum CLoccurs at a smaller angle of attack, and that of negative decalage at a
larger angle than that for zero deca~age.

It can also be seen that the lift and drag curves for positive or negative decalage are shifted
by an approximately com”tant angle to one or the other side of those for zero decahge. Site
the lower wing of the biplane was set at * 3° with respect to the upper wing at zero lift, the
‘{effective” angle of attack becomes respectively 1.5°.minus or plus the angle of attack of zero
lift for no decalage.
DRAQ (figs. 36, 37):

Maximum C. shows little d.Werenccfor the-angles{f decalage investigated, but CDbcrea=a _
with increase of decaIage.
CENTEROF PRESSURE(i@. 28,38,39, 40):

Negative decalage causes a more rapid recession of the C. P. above maximum CL, with
increase of angle of attack, than does either zero or po$tive decalage. The sharp peak on the
– 3° c~e is remarkable,

The effects of decalage are not as great as those produced by stagger, but they are greater
than those due to changes in gap.



WIND ‘IWNNE)i FORCE

& SWEEP BACK

LIm (b. 41, 42):
Wximum CL occurs at about the same angle of

@heat for +50 per cent stagger at nidspan with the
the same combination with zero stagger.

TEs!l!s 263

attack for d conditions tested. CL is

upper wing swept back, and loviest for
—-

The similarity is very striking between the lift cur-ma of the two combinations with upper
wing swept back, +50 per cent midspan stagger, and lower wing swept back, zero stagger.
The other two combinations tested are aIso -rery simibr, and this indicates that sweep back
in one wing is, effectively, stagger. No appreciable difference is shown whether the stagger
used with the swept-back wing is at the tips or at midspan.
DRAG (figs. 41, 42):

The simihmity between the drag cum-es of the same pairs of combinations as noted in the
case of lift, is very noticeable, and also indicates that sweep back in one ting is, in effect, stagger.
CEWER OF PEESSURE(figs. 43,44,45,46, 47):

The most noticeable effeet brought out by the C, curves is the fairly close resembkmce
between the results for the biplane with upper wing swept back, zero midspan stagger, and
that with the lower wing swept back, – 50 per cent midspan stagger.

9. PROFILE

Lmc (figs. 49, 50):
The N. A. C. A.–M 1 in combination with the Clark Y giws a lower ma.xinium CLthan ‘

with both wings C1ark l“, and the lift curves have more rounded peaks.
DRAG (figs. 49, 50):

Minimum CD is slightly Iower for the combination of N. A. C. A.–Ml wing lower and
C1ark Y upper. Ih general, with both wings Clark Y, the drag is slightly higher at hrge angles
of attack.
Cmmm OFPBESSURE(figs.’ 28, 48, 51, 52):

The C, curves for the three combinations tested do not show any great variations. The
combination of the hT.A. C. A.–MI lower wing and Clark Y upper wing is probably the most
desirable from the standpoint of safety, due to the sma~er slope of the curve in the region of
the angIe of maximum CL, which means less instability longitudinally.

IO. ROTARY I!’WTABILITY

From a consideration of the calculated ranges of rotary instability (Table 111), the follow-
ing points may be noted:

hToneof the monoplanes show any tendency toward autorot.ation above 26°, but the biplanes
indicate additional autorotational tendencies above this angle.

Positive stagger is seen to reduce the tendency of the biplanes to autorotate at the large
angles, while increase in gap tithin practical limits has a similar efTect,ordy to a smaIIerdegree

Sweep back arranged so as to give positire stagger at the tips appears to reduce the range
of rotary instability at Iarge angles of attack. Geometrically, sweep back in one ~ of a biplane
is merely a progressive change in stagger along the span. The criterion for rotary instability
is based on the assumption of uniform span loading, and for this reason the points of neutral
rotary equilibrium are only roughIy approximate for the swept-back wing combinations.

Decalage seems to have no appreciable effect in reducing the rotary instability ranges of
the biplanes.

CONCLUSIONS

Since these force teats have been made at the low Reynolds Number of 153,000, any con-
chaiona as to the effects of the variable factors should be drawn with that in mind. As the
effects at angleBof attack beIow ma.simum lift have already been fully investigated, the con-
clusions given here apply to the resdts at maximum (.?..and above.
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MONOPLANES ‘““

1. Tms.-Dtierent shaped tips produce only small effects.
2. ASPECTr&ATro.-hcre.aBe of aspect ratio skhtly increases maximum CL) and CD also

increases at large angIes.
3. FLAP.—Motiw the flap down increases masinmm. CL which occurs at slightly lower

angles of attack. CDalso increases with downward qovement of the flap.
4. Prtomm.-’lhe Clark Y has a much higher qRsimum CL than the N. A. C. A.–hfl.

— .

mLANE9 __

-- 5. Sw2m2E.-Increase in stagggr_.~@e: the maximum CL, and greatly increases CD above

the angle .of maximum lift.

6. GAP.—LWW gap skghtly incti-ases the mifium ~L, and causes Rh increase in C~,
although the effects are not ,asgreat as thosg of sta@er.

7. DEcAmGE.V.Positive and pegative .decali&eh~ve very little effect escept to shift the “. -
lift and drag curves as a whole to one aide or the other Ofthox. for zero. dec.tjlage.

8, SWEEP BAcss.-&veep back may be considered as a form .of stagger,. since the result of
combining a s.mpt-back wing with a straight \tig in a biplane is similar to staggering a straight
wing biplane.

.

9. PROFILE.—TheN. A. C. A“.-h~1 vrbg in combination with tbe Clark Y gives lower
maximum CLthan with both wings Clark Y, and the lift curve peaks are more rounded.

,.

10. ROTARYINSTABILITY.—Theautorotationa] ~~araCteriStiCSof ;viilg SJ’StemSare greatly
affectad by changes ig profile and in the geometrical arrangement of the wings.

.J.-
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APPENDIX

By Thomas A. Harris

In the force tests described in the foregoing report, the dynamic pressure was maintained
constant at the position of the “service Pitoft.” (Fig. 53.) This dymimic pressure q’, is a
certain fraction of the dynamic pressure q, at the position of the model (with modeI removed
from the tund), several feet downat.ream with the honeycomb between it and the “service
Pitat.” (Fig. 53.) In order to determine the relation between g’ and ~ a Pitot-static survey
was conducted at the position of the modeI, and the “service Pitot” was then calibrated against
this survey.

Site this wind tund is of the ~losed throat test section type, if part of the test section
,

is blocked by a model, the same amount of air must pass through the restricted area that formerly
passed through the unobstructed section. With the modeI at small a@a of attack, the
blocked mea is small, but at large angl~ the blocking causes the dyntic pressure g“, at the
position of the model, to increase appreciably, while it does not afkot the dynamic pressure g’,
at the ‘tservice Pitot.” The variabIe dynamic pressure q“, is the value from which the absolute
coefficients shouId be calculated. In the tests described in the foregoing report, however,
the absolute coefficients CDand (?. (uncorrected for blo&ing), were calculated from values of g.
Siice q is 1sss than q“, these coefficients m-ehigher than CD’ and CL’ (corrected for blocking). ..—

TESTS

To determine the blocking correction, force tests were made on a series of rectangular
“flat” plates, with 3, 4, 5, 6, and 7 inch chords, and of aspect ratio 6. The upstream surface

—
●

of each plate was flat, while the downstream surface was pyramidal in form, beveled 15° from
all edges. These flat plates were used instead of airfoils because they were more easily con-

.——

strutted, end amwered the same purpose.
The force tests on these plates were made on the regular wire bakmce of the wind tunnel.

(Reference 2.) Lift and drag data were obtained for angles of attack ranging from W“ to 900,
——

and the absolute coefficients (CDand CL)were then calculated. All tests were run at an average
Reynolds h’umber of 153,000, the chord length being taken as the characteristic dimension. .. .

RESULTS .-

The results of the force tests on the flat platee are given in Table XXIX, and as curves in
Figures 57a and 58a. CDwas also plotted against the areas of the flat pla@ for the various .. . ..
angles of attack (Figure 54). These curves were extrapolated to zero area (as shown by the.
broken Iines), to obtain G~’ the absolute free air coefficient.

From the curv~ (@g. 54) it.can%eadiIy be seen that:

G’ =-K(?D (1]
from which it folIows that

4. (2)

Values of K were calculated for the seve.d plates at the varioti angl- of attack by means
of equation (2), and by data obtained from the curves. @lg. 54.) It is apparent that K is a ‘“
function of the area ratio (a/A), where a is the projected area of the model perpendicular to the
air stream, and A is the cross-sectional area of the tunneI at the test section. Values of (a/A)

285
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with the corresponding valuea of K are given in Table XXVIII, and are plotted in logarithmic
form in Figure 55. It was found that a straight line could be drawn through these points, with a
maximum deviation of about 2 per cent. i

From an analysis of this line it was found that: ‘

K= 1 – 6.75 (a/A) 2.4 (3)

This equation was pIottad on regular cross-section paper @?igure 56) h be used in tiding correc-
tions for CDand (.?Lfor any value of area ratio up to about 0.08. The area ratios of the 7-inch
chord flat plate exceeded this vahe and the curve of the equation wotid not pass through these
points. A broken line is, however, faired through them.

—,—

~ (a/A) increases, q“ also increases while g’ is kept constant. Therefore the Iift and drag
are both affected and the same correction applies to each. CDwas used for determiningg the
blo&ing correction because as the angle of attack increases, GDincreases, whale CLdecreases,
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+ u # 1 1 1 1I 11

.594 - 1
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and for large angles of attack the e.xperiruentaI
results.

By use of equation (3) the flat plate dfita

Lw

.s

.s?

.&a
H

.64
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.720
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Fmmm &3.-BlockIns mcredon V- arm

ratio

error becomes a larger percentage of the a.

for chord lengths 3, 4, 5, and 6 inches were
corrected. The &lues of o., &, (7.;, and CL’ are given in T~ble =, and are plotted in
Figures 57 a and b, and 58 a and b, as absolute coefficients vs. angle of attack, and as pok.rs.
The corrected points are within the experimental error of the force test resuk for the flat plates.
The limit of (a/A) for the flat pIate tests was about 0.10. This due is safely beyond any due
of (a/A) used in the series of wing model tats.

To verify formula (3), the correction was applied to the data obtained from force tests on
two circular tipped Clark Y airfoils, of aspect ratio 8, with 3 and 5 inch chords. These data are
given in Table XXX and are pIotted in Figures 59 a and b, and 60 a and b, as absolute coeffi-
cients vs. angle of attack, and SEpokrs. The corrected values of CDand CLfor the airfoils are,
in generaI, within 1 per cent of the faired curves, which is within the experimental error of the
force tests.
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CONCLUSIONS

1. A blocking correction curve for monopkme test resuhs has been obtained which applies
to this wind turmel for ratios of projected area of the modeI to croes-sectional mea of the tunnel
up to about 0.10.

2. Further research is necessary to obtain a sidar correction for biplane t=t results at
Iarge angles of attack.

3. It is highIy desirable that some means be devised for maintaining the dynamic pressure
constant in the vicinity of the model, regardless of the change in angle of attack, above maximum
lift.

TABLE 111
CALCULATEDPROBABLERANGES OF ROTARY INSTABILITY

I EokwlmtablCty

I Normd@mnIIIsrsnsEI FlstsPfnnbLsmnKE I Irr=bdsPinnhsrfu@. . . .
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*tan~llm tip----------------------
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FIap 15° up-------------------------
Flap 15° dam-----------------------
Flap 250 do~--------_--------------
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Biplane
Stagger–26%-----------------------
Sti~er O%--------------------------
Stagger +25 _______________________

PSta er +50 o-----------------------
7Gap ohord 1.5-----------------------

Gap/chord 0.5-----------------------
Deoalage +30--------------_-------.
DecaIage –3”-----------------------

}
SWeeP back U. W- 0% ~~ggerl------.
Straight L. W----

I

Straight U. W---- 0% Staggerl------.
t%eeP baok L. W-
SWWP b~k U. W- +50% stagger 1----
Straight L. W----
Straight U. W----
Sweep back L. IV- }

—5070 stagger 1----
C1ark Y. U. W-------

}N. A. C. A.-MI L. W --------------
N. A. C. A. M-1 U. W

}CIark Y. L. W------- ---------------

Degree
145
15.0
145
17.5
13.6
17.0
13.0
L2. o
lL O
12.0

15.0
16.0
16.0
15.0
15.0
17.0
14.5
13.0

16.0

16.0

m. o

M. o

15.0

I&o

upper

De+m?ea
245
26.0
240
26.0
24.0
26.0
20.0
20. Q
19.5
14.5

24.0
2&o
24.0
24.0
23.0
24.0
24.0
29.0
24.5

23.5

27.0

24.5

22.0

22.0

M
&o
3.5
2.6

IL o
S.6

7.6

lL O

&s

7.0

cc”IImits

D.qree4 DeEreu
------ ------
------ ------
------ --—---
------ ------
------ ------
------ ------
------ ------
------ ------
------ ------
------ ------

[

33.5 60.0
!wO 74.0
55.0 90.0
62.0 ------
440 80.0
30.0 64.0
37.0 76.0
42.0 73.0

35.0 62.5

60.0 ------

55.0 ------

35.0 67.6

45.0 71.0

42.0 73.0

Fd Iinus
Rsnge

I upper

Df&M Dcgrcel Dcgrt.?t
-------- ------- .

0 -------- ------- .
0 –13.0 –16.0
o –15. 5 –21. o
0
0 – 1! o –1:6
o –12. 5 –22. o
0. –1s. o –20. o

–W. o –37. o
: –12. o –14.5

26.5 -------- --------
34.0 -------- --------
35.0 -------- --------

------ -------- ---—-- .
36.0 -------- --------
3&o -------- --------
3ao -------- --------
3L O -------- --------

27.5 -------- --------

------ – 14.0 – 17.0

------ –14 o – 17.0

32.6 -------- --------

26.0 -------- -------

81.0 ----------------

—

..-—
\“

.—

DWoeeJ

o-
3.0
6.5
0
5.6

k:

R

o
0
0
0
0
0
0
0

0

.-----

.

..

3.0 -.

3.0

0

0

0

1staggsrIns8mmd St ddspan.
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a“

-46
–42
–89
– 36
–33
–30
–27
—24
–21
– 18
– 15
– 14
– 13
–12

–9
–6
–3

+:
6

1;
15
16

a“

– 45
–42
– 39
–36
–33
–80
–27
-24
–21
– 18
– 15
–14
– 13
–UJ

–6
–3

+;

1;
15

TABLE IV

FORCE TEST

0.665
.618
. 58;
.
.461
; 880
.823

: M

: i%

: :!%
.110

: M
.018
.022
.035

: %

: ;%
. 198

CL
.,. >

–O. 638
–. 661
–. 654
–. 659
–. ino
–. 642
–. 493
–. 467
-.426
–i 892
–. 334
–. 378
–. 871
–. 371
–. 301
–. 018
+. 188

.412

:%
1.030
1.180

i
1.20
1.10

w.-”

O.218 1.130
L 080

: E:
.821

: %; : ~;
.441
.485 :844
.562

: M . ;::
.894
.933 :681

L 065
1.170 : %
L 260 .431
1.310 .322
1.345 .203
1.357 .078
L 367 .Ooo

TABLE V

FORCE TES!P

O.643
.674

‘ .531

: M
.362
.311
.265

:%:

: :x

: M
.032
.018
.019
.023

:%!
.073
.099
. 142

–o. 539
-<693
–. 604
–. 623

, –. 577
–. 626
~:g;

–. 423
–. 429
–. 426
–. 421
–. 416
–. 403
–. -264
–. 047
+. 139

. ;3:

:786

1:M
1.181

l;””’

;:-
20
22

72
28
~3

36-.
~

60...
6
t6 “-

6ti
70
75.
80
86
00

: ;;: L 184
1.118
L 067

:%! .893
.838

:;%” .800
.769

:428 .775
.477 .794
.531 .833
.615 .867

.818
: % .796

.763
: E:

1.006 : #J
L 092
f ;:; :515

.422
1: 2s3
1.316 : :;:
1.332 “+. 091
1.340 –, 018

1.

.-

.

.-. .
.-r

.-

..—. .— -- ,

.-

●
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TESTSWIND 9XJNNEL FORCE

TABLE VI

FORCE TEST

--—

Clark Y monoplane. 5-iich chord.
Aspect ratio =6. Cirmdar tips.

lZ;:%a%$:Ml 000a.

..—.

.::..- .-. _ .
._:.—.---

——

JCL~o

– 45
–42
–39
–36
–33
–30
– 27
–24
–21
– 18
– 15
– 14
– 13
—12

–9
–6
–3

+:

:
12
16
16

I

CD

0.646
.611
.564
.511
.43:

:307
.262
.224

: M

: M

: %
.021
.017
.021
.034
.050
.073

::::
.169

cl,

–O. 626
–. 648
–. 63!3
–. 637
–. 593
–. 522
–. 466
–. 438
–. 402
–. 383
–. 391
–. 402
–. 408
–. 397
–. 240
–. 019
+. 176

.398

.614

.813
L 012
L 148
L 172
L 154

~o

17
18

:
22
24

%
30
33
36

z’
45
60
65
60

%
76
80
85
90

CD

0.188 L 130
“L053
.985
.869
.803
.794
.781
.823
.874
.906
.872.
.841
.815,,
.769.
.722
.675
.608
.524
.435
.321

..215
+. 098-
–. 017

......

.. .,
..-

. ..-

. 2i6

.291

.322

.356

.376

.426

. 4s:

:619

:%
.733
.808
.904

.-

: -e

--
,.. >..

. . .
/. -_

... _
-----L 360

L 360 ~---.-..
.. -.>

.. ..~I.—

J-TABLE VII

FORCE TE5T

Clark Y monopkme. 5-iioh chord.
As_yei&aiio=$ ClrOuI13rtip8.

&nil:skI?ol?=151,000. .
-—

CL I

–45

:%
–36
–33
–30
–27
–24
–21
– 18
– 15
– 14
– 13
– 12

–9
–6
–3

+:
6

1!
15

0.576
.523
.475
.427
.381
.336
.288

:::
202

:160
.142

: w

–_a g;

–. 523
–. 506
–. 479
–. 463
–. 427
–. 392
–. 371
–. 410
–. 449
–. 446
–. 422
–. 384
–. 204
–. 048
+: 136

.3’28

.512

.696

0.166

: M
.222
.287
.345
.373
.396
.426
. 45s
.609
.661
.642
.744
.846
.933

1.020
L096
L 155
1.201
L 240
1.249
L 246

.

.031

.019

.017

.021

.037

.056
;;;

. 144

.870
+::%
–. 057

1.036
1.142

..—

#
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TABLE VIII

FORCE TEST

C1ark Y monoplane. 5-inch chord.
Aspect ratio =8. .Circular tips.
@9.94 kfrd

ynolds o. =163,000.

.-” -

a“ -1& j CD .CL

“s- ...

17”:
18 L

;: ‘
22:
g.

28.1
30
33
36
38
40
45
50
55
60
65_

%
80
85
90.:

0.206

: M
.321
.365

: %
.628

1.09s
L 050
.935
. S66
.840

: M
“. :2

.968

::%
.969
.906
.800
.723
.646

::%
.344

+: ;:;
–. 043

–45

:Z
– 36
–83
– 30
– 27
– 24
–21
– 18
– 16
– 14
– 13
– 12
–9
–6
–3

o

0.750

: M

: :E

: M
.287

: :%

: %

::::

: M
.017
.019
.028
.041
.061
.086
.148
.172

–- ;:;

–:737
–. 719
“–. 678
–. 616
:.::5

–. 448
–. 407
–. 394
–. 400
–. 405
-.405
–. 269
–. 029
+. 171

.420

.655

.883
1.075
1.192
L 137
1.128

: u:
.742

: %
.916

i%!
1.180
L 260

.

! .-

.-

..-

-. ---

..

.

.. : .’ _ -
-. .—

1.348
L 400
1.446
L 470
1.465

-. --- :.
..

--- .b

,.... -
16

.—

—.

TABLE IX

FORCE TEST

Clark Y monoplane. 5-inoh ohord.
Aspect ratio= 6. Cirmdar tips.

~!i;i~~::;;;:o .160 “P.. . .

I
. _

I“:fcL
— 7

d’. .::.

16 ;
17;’
18
19:
20..22.
~.

CDI a“

‘—

–%

–38
=35
–32
–29

I –26
–23

I
– 20
– 17

I 1;;
– 12
–11
–8
–5
–3

+:
6
9

:;

–o. 7i6
–. 759
–. 784
–; 815
–. 824
-.778
–. 7$6
–. 672
–. 629
-.615
–. 646
–. 660
-.677
–. 694
–. 666
–. 497
–. 364

0.738
.706
.672
.627
.574
.501

0.034 0. :3

869
782
742
605
555
S24

.101
118

: ;;;

:252
.284

.
. .

.

.

.

.

.

.

.

.

.

.

.

.

.

.422

.355

.301
, 260
.221

..~8
193

:174

: w

26
28
30
33
36
40
46
50
66*:
60
65”
70
75
80-

!%-;.

.305

.336

.369

.460

.525

.617

.686

.756

.842

638
568
622
658
679
631
606
578
633
485
413
326
242
138
037

.035

.028

.027

.029

.041

.056

.072

.939
1.033
L 108
L 171
1.228
1.257
1.265

-. is2
+. 132

.345

.549

.723

.835

●



I
l-=
I

❑E,
I –38

I
–36
–32
–29
–26
–23
–20
– 17
– 14
– 13
– 12
–11

–8
–5
–3

+:
6

1:
15

~o

2
–38
– 35
–32
– 29
– 26
–23
–20
– 17
– 14
– 13
– 12
–11

–8
–6
–3

+;

9

E
16

WZtND TUN.NEL FORCE TESTS

TABLE X

FORCE TEST

Clark Y monopIane. 5-inoh chord.
Aspeot ratio= 6. Circular tipB.
l?hlp 20% chord. 16° dOWL

!K7y%:k8F:153 000a-

0.520
.471
.418
.366
.317
.270
. ;;:

.187
.170
.142

.053

.067

.081

: w
.“168
.235

– u. 427
–. 385
–. 354
—. 320
—.467
–. 216
–. 197
–. 171
–. MM
–. 258
–. 295
–. 317
–. 329
–. 302
+. 076

.323

.488

.783

.977
L 136
L 305

H%

I
m“

:!
18

M
22
24
26
28
30
33

2
45
50
65
60

%
76
80
85
90

CD

0.288
.321
.343
.389
.407
.446
.491
;:5:

.666

.718

.761

.823

.912

.99s
1.082
1.169
L 231
1.289
1.320
L 336
1.360
L 334

TABLE XI

FORCE TEST

CIark Y monopkne. &noh ohord.
@ect ratio= 6. Circular tips.

E%%.~%532:odo=” s.

0.448
.404
.383
.378
.357
.312
.279
.243

: :+;
. 139

.091

.111

: :%
.212
.320
.354

4=
–CL 266
–. 268
–.- 282
: g;

–. 394
–. 391
–. 386
–. 386
–. 405
–. 368
–. 316
–. 260
–. 120
+. 299
.515
.664
.866
L 018
L 190
L 396
L 450
‘L264
L 190

17

;:
20
22
24
26
28
30
33

::
40
45
50
55
60
65

%

:
90

CD

0.371
.422
.446
.466
.529
.586
.649
.695
.734
.773
.800
.829
.845
.945

1.042
1.122
1.183
1.245
1.289
1.341
L 362
L 842
L 329

CL

in

1.150
.977
.959
.964
.965
.993

L 032
1.032
.988
.932
.865
.793
.732
.670
.580
.476
.383
.273
.146

+. 031
–. 090

CL

L 160
.986
.973

::=
LOOO
L 006
.995
.977
.950
. !321
.899
.874

:%
.655
.665
.461
.360
.236

+. 112
–. 008
–. 129

I

.- -
“.

..—
...___

. ., -..

. .
-...

—.-
. .,

.S

, ----

..=

.

.. --——=._
..- T_-.’.
..-.

“a-~. . r.

--

.: --
.+.

~A=.

---

. .. .

----

..--.. ..-
..—.–

.=-.

.U.

.22-+
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,

~

a“ .

–44
–41
–38
–35
–32
–29
–26
–23
–20
– 17
– 14
–13
–12
–11
–8
–5
–3

+:
6
9

::

I a“
h
, ——

I

TABLE XII

FORCE TEST

Clark, Y monoplane. 6-inoh chord.
Aspect ratio =6. Ciraular tipe.

~~ ‘~koh~d. ~“ down.
~ ‘:& #om=152,000.yn

CD

0:.:;()

. $!:

:394
.342
. ;;;

::::

, 142
.130
.113.
.101
.067
.075
. :;;

.129

.159

: %
.346

–’J):34;

~: w;

–. 466
–. 455
–. 429
-.421
–. 426
–. 432
–: 381
—. 3X(:
–. 278
–. 177

,+. 345
.563
.680
.919

L 112
~ M):

1:498
1.377

0:&

.460

: M
.648
.614
.673
. ;;;

:793
.817

%
1:063
1.139
L 210
1.262
1.310
L 330
1.351
1.338
1.313

TABLE XIII

FORCE TEST

N. A. C. A.-Ml monoplane.. 6-inch ohord.

~?!:!:;=:” Chtir tIPs.0.=163,000.

c1)

0.’727
.636
.570
.486
.428
.374
.332
.300
.271
.260
.245
.229
.212

:;;

:032

::::
.016
.032
.074

149
:196

–_: g

–. 863
–. 820
–. 774
T. 729
–. 713
-.702
–. 693
“–. 699
–. 705
–. 702
-.699
~. 704
–. 721
–. 610
–. 398
–. 189
–. 003
+: :;:

.610

.721

.704

30:
g

4246..

60”
56 .“
60.
65”
;:

80
85
90,

CD
-

0,212
.229
.246

:%!
.:ag

: :;:.
..485
.670
.636
. ;;;

. ;3;

1:049
L 129
L 218
1.289
1.340
1.378
1.367

CL

L 301
1.096
1.049
L 040
1.022
L 049
L 090
L 096
L 0?’9
1.067
.983
.916

:%;
.721
.661
.646
. :;:

:213
+ 093
–. 031
-.124

CL

“0.699
.702
; ’77;

.693

: M

: %
.820
.863
.871
.820

: g!

.622

: %.!
.371
.273

::::

-=.

h

,- -.

. .... . ._

—

.,. = ... -L--..r _,



\

–39
–86
–33
–30
—27
–24
–21
– 18
– 15
–14
–13
– 12

❑:
–3

+:
6

1:
16
16
17

WIND TTJN_NEILFORCE TESTS

TABLE XIV

FORCE TEST

CD

O.542

::::
.367
.318
.272
.231

199
:157
.142

: M

: R

.%?

: I%/
.079

: M!

CL

–0. 542
–. 629
–. 509
–. 484
–. 463
–. 425
–. 398
–. 396
–. 381
–. 372
–. 357
–. 338
–. 184
–. 022
+: #

.514

.695

.860

L %%

0.138
.164
.211
.288
.336

:&l
.470
.484
.681
.615
.610
“.603

E+
:555

:W

::%
.667

TABLE XV

FORCE TEST

CIark Y biplane. &inch ohord.
Aspeot ratio =6. Circulartips.
Stag er=O. G/c= LO.

3Dec age=OO. q= 19.94 kgJml
Reynolds No. =161,000.

0.495

:8

: %
.270
.226
.196

–0. 489
–. 482
–. 465
–. 441
–. 409
–. 384
–. 369
–. 362
–. 359
–. 856
–. 341
–. 324
–. 176
–. 017
+. ::;

:523
.689
.863

L 009
L 103
1.135
L 121

0.210

: H
.352
.393
.424
.463,
.605
.659

: %
.664
.726
.764
.791
.773
.704
.624
.634
.660
.668
.664

CL

LOW
L 075
L 006
.879
.771
. 74ii
.742
.745
.767
.740
.665
.550
.450
.350

+: E
–. 035

CL

L 068
L 027
.971
.821
. &)L

: %
.786
.785
. 7fj5
.736
.709

667
:584
.521
.400
.287
.193

:ti
+. 031
–. 032

295

.—

,.
..

● ’

.-

——.

.-

-. —+—-
r..

... .-2=

,. <-= --

-.. —

-.---:

.,..._

.-=

.:L3—
. . .
,---

--
., :.;-..
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a“

–45
–42
– 39
-36
– 33
– 30
– 27

:E
– 18
– 15
– 14
–13
– 12
–9

.::

+:

:
12
15

—

ra“

–42
– 39
-36
–33
– 30
–!27
–24
–21
~;;

– 16
– 15
-12

:;
–3

+:

9

;?
14

TABLE XVI

FORCE TEST

Clark Y biplane. &i-inchchord.
Aspeot ratio =6. Circular ti s.
Stagf=+25 per wmt chor~ G/c=l.O.
Dma e=OO.

3Reynol s No.= ?Ggb? ‘g;m’

CD

0: ;$

.474.

.424

.469
“.325
i 284
. 244

.059

.082

.109

.“143

CL I a“ ‘“”’”
. . . .. . II ;:..

– 0.402
–.. 440

“~::g

–,. 428
–. 404
–. 377
–. 348
–. 338
–. 336
–. 336
–. 337
–. 329
-.310
–. 157
+. ::;

:356
.. 542

.725

. S6’2
10050
1.153

. . u ,

TABLE XVII

FORCE TEST

CD
.

0.157
.172

: %
.256

: 2;:

:g

:640

::::
.890

::::
.999
.958
.877
. -77;

:677

I

1.156
1.153
L 091
1.078
1.048

:%$

:829
.837
.$42
.809
.764

: %
: :;:

: !g
.086

+. 025
–, 031

Clark Y bi@ane. 5-inch chord.
Aspect ratio= 6. Ciraular ti s.
~~~g+i50 per cent .ho# (7/,=1.0.

ReynOlb~~~=A~~’4 ‘m’, 0.
—.

I

O.408

:%;
.325

285
:252
.219

: %

: :%
.126
.071

:%?
.“019

,.027
.“047
. Q68
.094
.125”
.138
, 155

–o. 377
–. 413
–. 420
–. 404
–. 380
–. 35Ei
–. 341
–. 328
–.-327
–, 830
–. 331

“–. 327
—r&39
–. 134
+, 039

.220
“.420

:;:

1:;::
1.131
L 150

o.

.
. .

.

.

.

.

i
1.
1.
1.
1.
1.
.

048
122
165
176
146
087
007
846

~L

1.156
1.104
1.094
1.076
1: g;

.914

.879

.857

.862

.865
:;;;

.737

.670

.586

.4’77

: M

+:%
-.035

—.

...

-.

.- .

. . . --
—. . “. . .. .- .-:



WIND TUNNEL FORCE TTM?S

TABLE XVIII

FORCE TEST

2!
–39
– 36
–33
– 30
– 27
–24
–21
– 18
– 15
– 14
– 13
– 12

–9
–6
–3

o
+2

6

1:

CD

O.651
.586
.523
.467
.407
.351
.303
.259
.219
.184
.147

133
:110
.097
. 03~
.024
.024
.030
.044
.063
.088
.116

–0. 582
–. 674
–. 551
–. 529❑:;:

–. 430
–. 400
–. 377
–. 362
–. 361
–. 359
–. 3s4
–. 338
–. 212
–. 022
+. 217

.370

.559

.750
.“ .924
1.073

TABLE XIX

FORCE TEST

Clink Y bipIane. t@nch ch?rd.

!%i:!;?%?%l::
Reynolds No.= 153,000.

– 45
–42
– 39
–36
–33
–30
–27
–24
–21
– 18
–15
–14
—13
– 12

–9
–6
–3

+:
.6

9
12
15

13
14
15
16
17

;;
24
27
30
35
40
45

E
60
65
70
75
80
85
90

o. M2
.135
.149

::::

:B
.403
.460
.516
.636
.741
.826
.879
.924

:W
.741
.609
. 5!37
.628
.624

& uCD CL

O.456
.435
.413
.393
.367
.328
.277
.236
.194

::::

.1%

.069

.031

: %
.029
.040
.055

: %:
.124

– 0.345
–. 363
–. 366
–. 408
–. 422
–. 410
–. 390
–. 370
–. 353
–. 342
–. 311
–. 304
–. 289
–. 2a3
–. 136
+. 003

:;:
.460
.610
.760
.903
.995

L 106
L 130
L 135
L 116
L 107
y&M

.778

.700

.792

.818

.831

.764

.684

.596

.488

.346

.218

:;%
+. 038
–. 021

:
22
24
26
2S
30
35
40
45
50
55

%
70
75
iil
85
90

0.135

:%

:k?
.273
.330
.386
.443
.483

: %
.582
.604
.610
.583
.594
.629
.654
.673
.676
.679

L 004
L 010
.999
.971
.951
.861
.811
.811
.802
.794
.688
. 5s7
.516
.453
.379
.303
.259
.209

: :%
.049
.020

297

,-:
-
...——

, .*
, —L——.

.— --

.—

... . . . . .

-—

,.—.

--

.-
.-

.—.,
.“ :

-.. _ ._ . . . ..
—

._ ... .._ .

— “-
. . . . . . .,.
. ..—

,..

.

.>.

—
.. .=-.
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_LT
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_

.
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TABLE XX

FORCE TEST

a“

– 45
– 40
– 36
– 30
– 27
–24
–21
– 18
– 16
– 14

.–13
– 12

::
–3

+!

1!

—.—
I

a“

I -45
–40

I –36
– 30
–27
–24
–21
– 18
–15
–14
– 13
– 12

Clark Y bidane. 5Anch ohord
~ect rat;o.= 6. Cir@ar tipe.
Stagger=o. Gp.= 1,0.
Decalage= +3
~ynOlb xf0.=”di?!”94 ‘din’1.

CD I CL II a“

O.647
.474
.398

: %

:%:

: %

:%$
.062
.028

‘ .026
.027
.036

:~

0:122

– 0.463
–. 472
–. 446
–. 402
–. 380
–. 363
–. 366
–. 345
–, 335
–. 315
–. 282
–. 244
–, 067
+. 064

.233

.406

: %

14

$
21
24
27
30
36
40
.45
60
66
60

“%
75

-%
90

0.142

: x

: :;:
.475

: :%
.690
.746

: h?
.780
.701
.629
.638

. %

. 652

TABLE XXI

FORCE TEST

Clark Y biplane. 5-inch ohord.
Aspeot ratio=6. Circular tips.
Stag er=O. G/c= 1.0.

?Deca age =-3.0
Reynolds NO.=%:$%: ‘gfm’

CD
I

CL g“ I c1)
--

0: :7!J

.440

.361

. ;;:

.233

.199

: M
.125

: k?
.029

: %:
.036

:%:
.096
.124

–:.. :3J

–. 479
–. 449
–. 424
–. 390
–. 378
–. 375
–. 365
–. 346
–. 323
–. 302
–. 212
–. 069
+. l));

:437
.613

:;:;
1.054

“!;
;35
’40

..:45

‘“$
60
65
70

0.136
.150

.422

.:;

:630
.693
.735
.756

;$

,606
.642

::%
— .&— ..

L 096
I. 082
.926
.823
.766
.763

::

.630

. 6s5

::

.169

+: ;;:
–. 013
–. 074

1.077
1.096
L 100
L 089
~ ;3:

.847
,787
.772
. ;;:

.669

.603

.521.

: :?:
.236

‘1

. .

.,

,- :

.



u“

–45
–40
–35
–30
–27
– 24
–21
– 18
– 15
– 14
– 13
– 12
–9
–6

- –45

“~%
–30
– 27
– 24
–21
– 18
– 15
– 14
– 13
– 12
–9
–6
–3

o
+:

1:
13
14

WIND TUNNTIL FORCE TESTS

TABLE XXII

FORCE TEST

Clark Y biplane. ~ioh chord.
upper wing-swe@ baok. Ciimdar tip.
Lower win “ strmght. Aspect ratio =6.

rMidspan E a#er=O. Q/c=l.O.
g=20.02 kg/mZ

%$%Ig$–N%:= 154,000.

O.657
.569
.482
.395
.340
.285
..242
.206
.170

: %

::::
.024
.023
.028
.040
.057
.079
.105
. 123

–O. 638
–. 649
–. 536
–. 508
–. 469
–. 422
–. 395
–. 383
–. 384
–. 388
–. 338
–. 377
–. 207
–. 008
+. 135

.312

.::

.892

.998
L 067

a“

CL135
.148

:%
.316
.361
.400

:%:
.692
.623
.624

:E
.571

.665

.669

.684

CL

L 095
L 108
1.091
1.048
.804
.723

709
.719
.716
.668
.568
..470
.376
.292
.247
.208

: E:
+. 030
–. 032

TABLE XXIII

FORCE TEST

Clark Y biplane. 5-inoh ~hord.
Upper wing-straight. Circular tips.
Lc.wer w-ingawept back.

%
eot ratio= 6.

E;?x:%f?;”ig.%;;<
Reynolds No. =152,000.

. 33a

.287

. 209

.177

.142

.129

: E:
.031
.023

:%!
.043
.069
.089
.118
.128
. 140

CL I a“

I—
– 0.434

–. 476
–. 478
–. 433
–. 402
–. 372
–. 347
–, 341
–. 354
–. 369
–. 368
–. 327
–. 146
+. :g

.360

.552

: i%
L 061
L 103
L la3

CD

0.154

.in

.201

.25a

.843

.436

.496

.564

.664

.742

.804

.864

.913 ~

.948

.942

.886.

: ;;!
.677
.663

L 141
L 145
1.133
L 116
L 041
.908
.816
.813
.810
.799
.770
.738
.667
.&9
.496
.387
.275
.176

088
+: 022
–. 036

299

.
\-.

—

.

----- ~...-
.-.w ;+
. ----

.- —..

“L-:

-..
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TABLE XXIV

FORCE TEST

Clark Y biplane. 5-inch ahord.
Upper wing-swept back. circular tips.
Lower wing-etraight. Aspect ratio= 6.
Midspan sta~er= +50 er cent Ohmd G/c= 1.0.
DeceJage=O . 8
Reynolds No.=

~==~~. kg/m~

. .—. ,,. .=.—
“>

CLa“

– 45
– 40
– 35
– 30
–27
– 24
–21
– 18
– 15
– 14
–13
– 12
–9
–6
–3

+!
6
9

H

*
–~ ::;

–. 450
–. 406
–. 377
–. 349
–; 828
–. 317
–. 33Ei
–. 343
–. 356
–. 345
–. 192.. . .. .
–. 033
: ;::

.532

.709
.. 876
1.042
1.135

lf

m
18
g.

27”
30

:;

t

6-
.. ...

66
70

$

~.

,
..

0. ;4J

:168
184

:239

..k?

.468

1.162
~ :;;

1:152
L 046

::%
.820

.. .

.626

.631

.713

.808

.:3”
.

.%

.896

.837

.738

.667

.024

.023

.028

. :E

.084

.-516

:%;
.195

-1-:%
–. 032

—“ *--

TABLE XXV

FORCE TEST

Clark Y biplane. L%mh ohord.
Upper wing— straight. Ciroular tips.
bower wing-swept baok. Aapeot ratio= 6.

g~gl%~er;g%:g~ “’-1”0”
Reynolds No:= 154,0C”Oi

— ...

-J
......=

CL “b ‘“ .. .-.. . ----..=-. ......
CD .CD 1“CL

– 46 0.629
–40 .656
– 35 .473
–30 ~g
– 27
– 24 .279
–21 .288
– 18 .;::
– 16
– 14 :145
– 18
–12 :;%
–9 .038

–o. 6.52
-.564
–. 654
–. 520
–. 474
–, 432
–. 406
–. 391
-.391
–. 386
–i 881
–,-343
-.196
–. 060
+: :;:

.;m”

:866
1.021
1.099

;: r.”

H
21
M--
27305.

85 ;’
40...
46
50.:..
55
6c--
67.5~2.5.

77.5
82.“5
;3;:

0.140

: M
- .233

: R
.428
.498
.600
.614
.533
.569.
.571
.576
. m;

:638
.654
.670
.729

L 113
1.124
1.010

. %

.709

.706

.731

.738

.644

.501
:g; I

.292

.231

,::::
+. 068
~.j I

1

–;
.— :%J
+: .038

059
: :083

12 .110
14 .130

,. .“.. ““ ;;”,
. .
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TABLE XXVI

FORCE TEST

Biplane. 5-iich chord.
Upper wing-O1ark Y: CHrCular tips.
Lower win~-~. A. CL A.-ML hued ratio=6.
~ltc er=g~~oo GIG=1.0.

% q= 19.92 kg/m~
Reynolds No:= 152,000.

cL-CY” CD

– 46
–40
–35
–30
–27
–24
–21
– 18
– 16
– 14
–13
– 12

–9

=:

+:

:
12
14

0: :g

.481

.388

.330

.%4

.244

.207

.169

: %
.112
.050
.027
.020
.020
.030
.045
. :3;

.153

– 0.579
–. 625
–. 634
–. 593
–. 559
–. 529
–. 509
–. 522
–. 522
–. 518
–. 506
–. 488
–. 339
–. 163
–. 017
+: :;:

.539

.715

..380

.?414

;:
17

;:
24
27
30
35
40
45
50

E
66
70
76
80
85
00

0.168
.181

: E;

0.917
.914
.809
.847
.734
.714
.727
.744
.738
.700
.639
.558
.488
.393
.264
.218

::::
.059
.004

—.-

.305

.354

.410

.;:;

..614
.682
.726
.738
.728
.670
.593

:~;

:674

.*

-—--.--

TABLE XXVII

FORCE TEST
.-

Biplane. 5-inch uhord.
Upper wing-N. A. C. A. M-L
Lawer wing-CIark Y. Aspect

Dec ge=OO
~;%l~o .~~~;lW k~m’1.

-.
CireuIar

ratio =6.
tip8.

-r. -. _____ . ..—

-+. ..-,-:
..:: -------

“=~
.

. .

-- =..

a“

–45
–40
–35
–30
–27
–24
–21
– 18
– 15
– 14
– 13
– 12
–9
–6
–3

+:

:
12
14

CD

O.581
.521
.456
.379
.335
.293
.255
. ~+;

.157

.137

.116

.050

.029

.023

.023

.031

.049

.075

.127

. 156

a“ CD

0.169

?2
:210
.264
.324
.369
.412
.465
.534
.630
.699
.734
.756

:::
.60!3
.608
.644
.652
.654

0.866
.869
.869
.866
.833
.742
.736
.729
.728
.736
.714
.651

–O. 560
—. 582
–. 585
–. 563
–. 554
–. 531
–. 525
–. 531
–. 527
–. 514
–. 500
–. 486
–. 336
.–. 167
–. 042
+. 154J

.338

.510

.670

.814

.
—.—

15
16

;:
20

2
27
30
35
40
45
50
55
60

E
75
30
85
90

--
,—

.569

.485

.387

.281

.199

::2
+. 025
–. 038

. .—
. . -—

. . . .—

..-
.. .

—“.
...-—I



REPORT NATIONAL ADVISORY 00 MbfiTTEE

TABLE XXVIII

FLAT PLATES

302 FOR AERC)NAUTICS

Area ratio (a/A) and blocking correction (K) asdetermined from ted.s

.
6 by 30 imhea I 6 by 3.6 imhea 7 by 42 inohea8 by 18 inches

a/A

4 by 24 inches

. .
a/A 4

L

K alA
a“ I

K alA ‘ K K a/A
I

K

I——

0. ~;;

:099
.998
.996
.997
.997
.996

(L0551 0.931
.0653 .913

.-----.-- - -----
.0888 ‘. 830
.0962 X&
.0988
.1008 i 788
.1023 .780

0.0179
.021s
.0266

:::?:
.0323

:%:.

0.973 0.0392
.976 .0435
.984 .0576

“.0651
.: :% ‘. 0707
.943 ;: :;;;

::% .0762

0.953
.950
.946
.911
.830
.871

::::

35°
40°
60”

%
75°
80”
90°

0. 0116
0121
0144
0163
0177
0181

0.989
.990

:%:
.9

E
: ;88
. 0q7

0.0281
.0336
.0405
.0463
.0492
.0606
.0616
.0622

. .

0187
.0188

TABLE XXIX

FORCE TESTS-FLAT PLATES

CLand CD unmmhd for blocking.
CL’ and CDf corrected fOr blocking.
Reynolds No.=153 000.

[
For 3 by 18 inch p~ate g=55.20 k~ma
For 4 by 24 inch plate g=31.Oti kg/m*1

(For 5 by 30 inch plate ~=20.00 kg/m~)
(For 6 by 36 inoh plate g= 13.79 kg/m~)

1

.

“CD
*
~-!3M

.432

.::
. ..772
.839
.928

1.022
1.111
L 191
L 270
L.321
L 374
1.400
1.413

-
3 by ,18 inch plate

J

CD’ CL”

.4 by 24 inch plate
.-

a“ -

CL’“CD’ 1.CL-.
-

20°
25”
30°
36°
40°
45°
60°
55°
60°
65”
70°
75°
80°
86°
90°

O:::g O.976
.872
.887

:R .939
:780
.857 : E:

.749
1::% .6’76
1.108
1.191 :E
1.256 .443
L 311
1.857 :::
1.388. .136
L 390 .029

0.931
.884

: !#i
.894
.810
.743
.$3.

:537
.447
.360

: %!
.027

0.366

‘ :%
.689
.781
.869

0.976
.872
.886

: E;
.814
. ;;:

.017
..542
.441
.354

: E;
.029

i %
1.110
L 193
L 260
1.315
1.361
1.394
1.399

L 011
L 097
L 173
1.249
1.299

..

L 366
L 372
1.385

. . 1.

6 by 36 inch plate5 by 30 inch p1at6
.—-.

-

0.341

::%
.693
.772
.848
.921

1.006
1..095
1.178.
1.257
1.310
1.363
1,392
L 400

1.

0.
..
.
.

.

.

.

.

.

b:!33:

.915

.937

::!;
.76S

0.”344
..436

.581

.719

.811

L 100
1.215
L 322
L 428
L 501
:1.572
1,614
1.613

0. gig 0.940
.387

:992 .966
1.014
. 95s ::::,890 I .835
.841 .779
.796 .728
.7~ ~ .650

.570
: :;; ~ : $l;f
.
.304 .262

174
:044 “::%

20°
25°
30°
~

46°
60°
65°
60°
65°
70°
75°
80”
85°

0.242
.426
; ~;

.794

.861
942

Y
1:
1. 60
1.244
1.316
L 405
L 441
1.473

0.341

::;
..713
.778
“841.
:913
L 006
1.113
1.188
1.250
1.331
1.361
1.389
L 40090” 1.488 . ------. . . . . .
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TABLE XXIX-Continued

FORCE TESTS-FLAT PLATES “

CL and cD u.noorrected for bIocking.
ROynolds No.= 163000.

‘ (For 7 by 42 inch pkte q=10.17 kglm’)

I I

I [ 7 by 42 illchplate

ill a“

--1. CD CL --l C”k
I

60° L 318 0.776
66° L 446 .689
70° L 567 .679
76° ‘;;= .467

.339
% L 761
90° L 777 : :;:

20°
25”
30°
35°
40”
45”
50”
55”

TABLE XXX

FORCE TESTS-CLARK Y WINGS

Aspect ratio =8. Ciroular tips.
CL and CD uncorrected fOr bloaking.
CL’ and CD’ WREIC~ for bloaking.
Reynolds No.= 163,000.

-.

— .-—

(For 3-inch chord q=55.10 kg/m’) (For t%mh chord q=20.05 kg/m~
.—

3-inch chord
. ..—

fi-inoh chord . . .
.:.:-:---

.. -.
.=,

.—
. ——

a“ ~o

27.75°
29. 7r
32.70°
3K 70°
37.70”
39.75”
44.86°
50.00”
65.15°
60.25°
65.45°
70.65°
7h 85°
8L 05°
86.26°
91.60°

1

CL
I

CL’ CD I CD’CD

0.479
.627
.672
.701

:%1
.942

L 006
L 084
L 146
L 210
L 266
L 300
1.314

CD’ CL CL’ ‘
I }

: :UJ a 519
.667

.664 .638

.742 .721

.795 .769

.838 .808

.916 .876

.986 .934
L 0S1 L 015
L 180 L 095
L 260 L 160
L 348 L 230
1.400 L 270
L 446 L 304
L 470 L 322
L 465 L 317

0.868 0.868
.908
.932 ::%
.954 .952

. .912
: L6 .840

.750
: % .676
.602 .599

.515
: z: .427
.326 .324
.226 .224

:::: :;;

26°
2s0

0.479
.527

0.914
.946
.968

:::
.969
.906
.800
.723

CL89S
.928
.945
.962
.934
.925

%J

.599

.615

.413

.312

::%
–. 039

..:.
. .

. ..-
.—

.: .=_-
. ..-

....=_

——.
i-. .
-.

F.-
. . . .

..—

., .-—

65°
70°
75°
80°

E;

.646

.560

.453

.344

.216
L 322 .089

–. 043
I I

LANGLEY MEMOEIAL AERONAUTICAL LABORATORY,

NATIONAL ADV-ISOEY COMMI~EE FOE AERONAUTICS,

LANGLEY FIELD, VA., July S1, Ill%%.


